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STORAGE TANK DE-INVENTORYING 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

This invention relates to the removal of the liquid and vapor content 
(inventory) of a storage tank and, more particularly, to a liquid storage tank 
having a floating roof. 

10 DESCRIPTION OF THE PRIOR ART 

Floating roof storage tanks are designed so that the roof of the tank 
floats on top of the liquid inventory stored in the interior of the tank, and floats 
downwardly toward the bottom of the tank as that liquid is withdrawn from the 
tank for other disposition. 

15 The floating roof has at least one dynamic seal between it and the tank 

wall or walls to prevent vapor from the liquid inventory from escaping to the 
ambient atmosphere that is present over the roof and outside the tank's interior. 

Such a roof carries with it a plurality of legs which stop the roof and hold 
it stationery a finite distance above the tank bottom so that once the liquid is 

20 essentially completely removed from the tank, workmen can enter, through man 
ways, the tank's interior below the stationery roof. The workmen can then carry 
out cleaning and/or maintenance projects on the interior sides of the tank's 
walls, bottom, and/or roof. Thus, for this purpose, the roof can be stopped and 
held as much as seven feet apart from and above the bottom. 

25 When the roof is first brought to rest on its support legs, a substantial 

volume of liquid and some related vapor remains in the tank, both of which must 
be removed before workmen can gain access to the interior of the tank while 
the roof is held stationery. 

Simple removal of this remaining liquid tends, because of the seal 

30 between the roof and the tank walls, to create a vacuum within the tank which 
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can damage the tank and/or roof itself if the potential to form a vacuum is not 
addressed and controlled. 

Heretofore, vents carried by the roof were opened while liquid was 
removed from the interior of the tank under the stationery roof in order to allow 
5 ambient air to enter that interior, equalize the pressure therein, and otherwise 
prevent the formation of a vacuum therein. When this technique is used, vapor, 
particularly vapor from inventory liquid, escapes to the ambient atmosphere 
during the entire time period it takes to essentially fully de-inventory the tank. 
Such a time period can extend to several days because such tanks can be so 

10 large in interior volume and the roof becomes stationery a number of feet above 
the tank bottom. Thus, a substantial volume of vapor can enter the ambient 
atmosphere during this final emptying or de-inventorying step. This can be 
unacceptable under the then existing emissions standards for the location and 
nature of the stored liquid inventory, and particularly when such liquid is hydro 

15 carbonaceous in nature. 

It is, therefore, desirable to be able to essentially completely de-inventory 
a floating roof tank with minimal emission of interior tank vapor to the ambient 
atmosphere around the tank, and without damaging the tank or roof in the 
process. 

20 

SUMMARY OF THE INVENTION 
In accordance with this invention there is provided a method wherein, 
after a floating roof becomes stationery, all or essentially all the remaining liquid 
inventory in the tank is removed while vapor is removed through at least one 

25 vent, the vapor being removed in a contained manner. The thus captured and 
contained vapor is conducted to at least one thermal oxidizer wherein it is 
essentially converted into compounds that are acceptable for emission into the 
ambient atmosphere, the exhaust of the thermal oxidizer thereby being 
essentially the only material exhausted into the ambient atmosphere during the 

30 process of the invention. 
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During the process of this invention, inert gas is introduced in a 
controlled manner into the interior of the tank for pressure equalization 
purposes to prevent tank/roof damage, whereby the tank is essentially de- 
inventoried to an extent that allows human access to the interior thereof without 
5 appreciable loss of vapor to the ambient atmosphere and without structural 
tank/roof damage. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 shows a vertical cross-section of a typical floating roof storage 
1 0 tank with its roof floating at the top of the tank's interior. 

Figure 2 shows the tank of Figure 1 after liquid inventory has been 
removed to the extent and only to the extent that the floating roof has become 
stationery by resting its support legs on the tank bottom. 

Figure 3 shows a vertical cross-section of a typical vent on the floating 
1 5 roof shown in Figure 1 . 

Figure 4 shows a top view of the vent of Figure 3. 

Figure 5 shows a vent such as that of Figures 3 and 4 fitted with a first 
device useful in the practice of this invention for removing vapor from the 
interior of the tank of Figure 1 in a controlled manner and oxidizing that 

20 captured vapor. 

Figure 6 shows a vent such as that of Figures 3 and 4 fitted with a 
second device useful in the practice of this invention for equalizing the pressure 
within the interior of the tank of Figure 2 below the stationery roof while liquid 
inventory is removed from same. 

25 Figure 7 shows the second device of Figure 6 when removed from the 

vent. 

Figure 8 is a top view of the device of Figure 6 when fitted on to the vent 
of Figure 6. 
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DETAILED DESCRIPTION OF THE INVENTION 
Figure 1 shows a tank 1 having a bottom 2 resting on the earth's surface 
3, and supporting upstanding wall 4 which is usually, but not necessarily, 
curvilinear in configuration. Wall 4 has an inner side 13 exposed to the interior 
5 of the tank and an outer side 14 exposed to the ambient atmosphere outside of 
the tank. For sake of simplicity and clarity of this description, tank wall 4 is 
essentially circular in configuration as is bottom 2. Wall 4 defines an opposed, 
open circular top 5 which carries in its interior area a circular floating roof 6. 
Bottom 2, wall 4, and roof 6 thereby define interior volume 7 of tank 1 which is 

10 used for containing and storing inventory liquid 15. In Figure 1, liquid 15 
extends from bottom 2 to roof 6 so that interior 7 is essentially liquid full with 
roof 6 floating on top of the upper surface of the inventory. 

Tank 1 can typically be very large. Although actual tank and related 
equipment dimensions are not critical to this invention, they will be given in 

15 order to convey a sense and an example of the physical size of such a tank, the 
relative size of its components since the Figures are not to scale, and the 
volume of liquid that interior 7 is capable of holding. Bottom 2 can routinely be 
160 feet in diameter, with upstanding side 4 being 48 feet high. Roof 6 can be 
158 feet in diameter thereby leaving a ring shaped space 8 about 1 foot across 

20 that extends completely around the round circumference of the roof. This ring 
opening is employed in order to accommodate a seal or seals that are used to 
enclose interior 7 in a vapor tight manner. 

Although a wide variety of seal configurations can be used in ring space 
8, Figure 1 shows a conventional arrangement wherein a primary seal 9 is 

25 employed below a secondary seal 10. 

Roof 6 is composed primarily of metal plate less than 1 inch in thickness, 
typically 5/16 to 1/2 inch in thickness when made of steel plate. To make roof 6 
more buoyant, a hollow, liquid tight pontoon structure 11 is employed around 
the outer periphery of the roof. Pontoon 1 1 can vary in height from 2 to 4 feet 

30 and 6 feet across. Seals 9 and 10 are fixed to pontoon 1 1 . 
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Primary seal 9 is composed of an upstanding metal plate 12 that extends 
continuously around the entire inner side 13 of wall 4. Plate 12 is shown in the 
Figure to be spaced apart from side 13 only for sake of clarity. In reality, plate 
12 abuts side 13 so that this primary seal is a metal to metal seal between plate 
5 12 and the entire circumference of side 13. Plate 12 is roughly 1 foot high 
along wall 4, about one-half inch thick, and is supported by a conventional 
spring biased member 16 which is biased to force plate 12 firmly against side 
13. Seal 9 carries over the top thereof from plate 12 to pontoon 11a 
continuous ring of rubberized fabric 17 that is impervious to vapor present in 

10 interior 7 of the tank, e.g., vapor already present, formed from, or otherwise 
related to the liquid inventory in interior 7 as well as other vapor that might have 
found its way into interior 7. Thus, by way of seal 9 and its fabric cover 17, 
vapor in interior 7 that reaches space 8 is contained therein and not allowed to 
escape to the ambient atmosphere present above roof 6 and adjacent side 14, 

15 even as roof 6 floats downwardly as inventory is removed from interior 7. 

To help ensure a reliable vapor seal between wall 4 and roof 6, a 
secondary back-up seal 10 is employed. In this Figure, seal 10 is a 
conventional spring metal member which, when fixed to pontoon 11 as shown 
in Figure 1, is normally biased against side 13. Seal 10 can be composed of a 

20 plurality of metal, e.g., stainless steel, segments, the gaps between adjacent 
segments being sealed with rubber grommets. 

Accordingly, vapor that is present in or is later formed in interior 7 is 
essentially kept inside interior 7 during storage. Such vapor is also kept inside 
interior 7 when inventory 15 is removed from interior 7 by way of pipe 31 as 

25 shown by arrow 32. Roof 6 moves downwardly toward bottom 2 as the top 
surface of the liquid inventory moves downwardly in response to inventory 
removal via pipe 31. 

Roof 6 carries integral therewith a plurality of roof support legs 20 which 
are fixed to roof 6 by way of individual metal support pads 21 which are about 1 

30 foot across (1 foot in diameter if round). Legs 20 extend essentially 
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equidistantly from roof 6 into interior 7. Since roof 6 is primarily composed of 
metal plate less than an inch in thickness, a plurality of roof legs is employed 
throughout the underside area of roof 6 for ample roof support when legs 20 
engage bottom 2 with the full weight of the roof assembly. For example, with 
5 the 158 foot diameter roof already mentioned, upwards of 100 such roof legs 
can be used. 

Legs 20 extend downwardly from roof 6 a distance sufficient to stop and 
hold roof 6 stationary a finite distance above and apart from bottom 2, as shown 
in Figure 2. This is so that when roof 6 is in a stationery mode, workmen can 

10 have physical access through at least one open man way (not shown) into the 
portion of interior 7 that is left between stationery roof 6 and bottom 2. The 
workmen can then perform various tasks in that portion of interior 7 while tank 1 
is essentially empty of inventory. Thus, the space often left between stationary 
roof 6 and bottom 2 can be at least about 7 feet. It can be seen that with a tank 

15 having a 160 foot diameter, a substantial amount of liquid inventory is left in 
interior 7 if such space is 7 feet tall. 

Roof 6 also carries a least two vents 22. Each such vent is composed of 
an upstanding closed reinforcing housing 24 which has an aperture in the top 
thereof as shown in Figure 3. Housing 24 can be about 2 feet across (1 foot in 

20 diameter if round in configuration) and about 1 foot high. Each housing 24 
carries integral with the top thereof a smaller lateral cross section, upstanding 
open vent cap support member 25 which is about 10 inches across or in 
diameter, and 11 inches high. 

Extending in a sliding manner through the aperture of housing 24 and 

25 member 25 of each of vents 22 is a vent leg 26. Legs 26 carry a vent cap 27 
that is movable along the length of leg 26. Because of the weight of leg 26 and, 
optionally, an elastic seal (not shown) on the under side of cap 27, vents 22 are 
normally sealed against the loss of vapor from interior 7 to the ambient 
atmosphere. Caps 27 are made to be movable in a vapor sealed manner, 

30 along the length of legs 26 so that cap 27 can be adjusted to be carried 
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anywhere desired along the length of leg 26. This allows one to vary the length 
of legs 26 that extends into interior 7. This way, legs 26 can be made to be 
longer than legs 20 so that legs 26 will reach and abut bottom 2 before legs 20. 
For example, if legs 20 extend 7 feet into interior 7, caps 27 can be moved 
5 along the length of legs 26 so that legs 26 extend 8 feet into interior 7 when cap 
27 abuts member 25 as shown in Figure 1. Any excess length of legs 26 
beyond 8 foot is left to extend above caps 27 as shown at 28. Members 25 
carry internally thereof at least one centralizing means such as guide vane 23 
which serves to keep legs 26 essentially upright but movable within elements 

10 24 and 25. Support legs 20 and vent legs 26 can be formed from steel pipe 2.5 
to 3 inches in diameter. 

Figure 2 shows tank 1 of Figure 1 after inventory has been removed 
sufficiently that roof 6 has moved downwardly until legs 20 and 26 have come 
into contact with bottom 2. For sake of clarity, seal means 9 and 10 have been 

15 omitted from Figure 2, but would be in place as shown in Figure 1 in normal 
operation. 

In Figure 2, since all of legs 20 and 26 abut bottom 2, roof 6 is stationery 
at about 7 feet above bottom 2, and the excess foot of length of legs 26 that 
initially extended into interior 7 in Figure 1 now instead extends above the top 

20 38 of member 25 as shown at 35. Similarly caps 27 are now carried one foot 
above the top end or edge 38 of member 25 thereby opening interior 7 to the 
ambient atmosphere and allowing vapor to leave interior 7 as shown by arrows 
36. If legs 26 were left in this position during the entire time it takes to remove 
the remaining inventory liquid 15 from under stationery roof 6, a substantial 

25 amount of vapor can escape into the ambient atmosphere since fully emptying 
tank 1 after roof 6 becomes stationery can take days. 

In the practice of this invention, once roof 6 becomes stationery, legs 26 
and caps 27 are physically removed in their entirety from inside tank 7, housing 
24 and member 25 thereby leaving the open top of member 25 fully exposed 

30 and open to the ambient atmosphere. This is shown in Figures 3 and 4 wherein 
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the open top of member 25, as defined by the upper end 38 of member 25, is 
shown at 37. 

Figures 3 and 4 also show that there is a lateral surface 39 that extends 
between the outer side 40 (ambient atmosphere side) of member 25 and the 
5 outer side 41 of housing 24. These Figures also show a plurality of centralizers 
23 spaced around the inner periphery of member 25 which define the opening 
42 through which leg 26 passes when in place as shown in Figures 1 and 2. 

In accordance with this invention, when leg 26 is completely removed 
from within opening 42 of at least one of vents 22, a separate closed housing 

10 50, Figure 5, is promptly placed over member 25 to enclose same in a vapor 
tight manner. Housing 50 has an open bottom defined by a lower end or edge 
51 which is the same in appearance as edge 38 of member 24 but of larger 
diameter than member 25 and oriented downwardly. Thus housing 50 can pass 
around the outer periphery of edge 38 and member 25 itself until its end 51 

15 abuts lateral surface 39 of housing 24. Housing 50 fully encloses member 25 in 
its interior 52. By this step, vapor 53 which was heretofore trapped in interior 7 
is allowed to leave interior 7 in a contained manner. The thus captured vapor is 
passed by way of pipe 60, which can be integral with housing 50, through a 
quick coupling, not shown, to a removable hose or other conduit 61 which is 

20 connected to the fuel intake of at least one thermal oxidizer 62. In oxidizer 62, 
the components of the contained vapor are combusted or otherwise 
transformed into more benign materials such as water and carbon dioxide, and 
exhausted, as shown by arrow 64, to the ambient atmosphere by way of 
exhaust pipe 63. 

25 Oxidizer 62 can be any device that converts vapor 53 to a composition 

more suitable for emission to the ambient atmosphere. For example, for hydro 
carbonaceous vapor, such as that obtained from automotive gasoline or other 
liquids containing hydrocarbon molecules up to 12 carbon atoms per molecule, 
oxidizer 62 can be at least one internal combustion engine tuned to combust 

30 the particular chemical composition of vapor 53 with a minimum efficiency of at 



least about 95% combustion. Combustion efficiencies can readily reach 98% to 
99% for hydrocarbons. As a further example, when vapor 53 contains a 
substantial amount of propane, a conventional internal combustion engine can 
be modified in known manner to operate on a propane based fuel with 98% to 
5 99% complete combustion of the propane so that the exhaust of this engine is 
primarily water and carbon dioxide. Such oxidizers are known in the art and 
commercially available from suppliers such as Weeco International. One or 
more oxidizers 62 can be employed in order to maintain the maximum efficient 
combustion rate for the amount of vapor 53 being removed from the tank 

10 consistent with the most desirable chemical composition of exhaust emissions 
64 for release to the ambient atmosphere. 

Housing 50 can be physically, removably fixed to member 25 by one or 
more fasteners 54 such as threaded bolts or all-thread members that can be 
screwed in a vapor sealing manner through housing 50 into contact with 

15 member 25. Housing 50 can also carry at its lower edge 51 an elastic seal 
which extends between edge 51 and surface 39 to ensure a vapor tight seal 
between housing 50 and roof 6. The use of threaded metal fasteners 54 can 
eliminate the need for a separate electrical ground device for housing 50, 
although such a device can be employed along with fasteners 54, if desired, or 

20 if no fasteners 54 are employed. 

Contemporaneously with the removal of vapor from tank 1 in a contained 
manner as described above for Figure 5, a separate vent 22 is similarly 
modified by removal of its leg 26. As shown in Figure 6, member 25 of this 
particular vent is covered with a different housing 70. Housing 70 is similar to 

25 housing 50 of Figure 5. Housing 70 has a lower end or edge 78 similar to edge 
51 of housing 50. Edge 78 rests on lateral surface 39 in a manner similar to 
that of housing 50. Edge 78 can also carry elastic seal means to help ensure a 
vapor tight connection with roof 6. If desired, housing 70 can be fixed to 
member 25 with removable threaded fasteners (not shown) in the same manner 

30 as shown for fasteners 54 of Figure 5. 



Housing 70 differs substantially in operation from housing 50. For 
example, instead of carrying at least one three inch internal diameter pipe 60 on 
its top surface, housing 70 can carry at least one pipe which, when housing 70 
is in place on a vent 22, is in direct fluid communication with interior 7 below 
5 housing 24 and roof 6. Figure 6 shows, as an example, two such one inch 
internal diameter pipes 71 and 72 extending through the upstanding wall of 
housing 70. The number and placement of pipes 60, 71, and 72 is not critical to 
the operation of this invention. 

In Figure 6, housing 70 is shown to carry integrally there with pipes 71 

10 and 72, both of which are spaced above and of such lateral length that they 
reach over edge 38, and such vertical length that they pass into, and open 
directly into, interior 7 well below roof 6 and vent 22. Pipes 71 and 72 are sized 
in their vertical length so that their lower ends 73 and 74, respectively, extend 
below roof 6 into interior 7 as shown at 75. Distance 75 is sufficient so that as a 

15 gas is introduced through pipes 71 and 72 an over pressure or vacuum is not 
created inside vent 22. Distance 75 can be, for example, at least about 3 
inches. As inventory liquid is continued to be withdrawn from interior 7 after 
roof support legs 20 have bottomed out on bottom 20 and vapor is removed as 
described with reference to Figure 5 above, the upper liquid level of the 

20 inventory separates from now stationery roof 6. This action can tend to form a 
vacuum in interior 7. To prevent this, at least one inert gas is introduced into 
interior 7 by way of pipes 71 and 72 to equalize the pressure in interior 7 with 
that of the ambient atmosphere. Inert gas thus takes the place of inventory 
vapor as tank 1 is essentially completely emptied of inventory liquid and trapped 

25 vapor. By the time the tank is sufficiently empty to allow access to interior 7, 
essentially all of the inventory vapor has also been removed in a contained 
manner and converted to a benign exhaust acceptable for introduction into the 
ambient atmosphere. Housings 50 and 70 can be left in place during tank 
clearing and cleaning by workmen operating inside emptied tank 1 below 

30 stationery roof 6. 
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Housing 70 can carry a conventional pressure valve relief valve 77 which 
senses the pressure or lack thereof in the interior 78 of housing 70 of Figure 6. 
Such measurement is carried out during the inventory liquid and vapor removal 
steps described above. Valve 77 is normally closed, but, when open, it 
5 establishes fluid communication between interior 7 and the ambient atmosphere 
by way of interior 78. Valve 77 is set to open such fluid communication to the 
ambient atmosphere if a predetermined over pressure or vacuum level is 
reached in interior 78. Inert gas 76, if introduced directly into vent interior 78, 
could create a false over pressure or vacuum reading that is not representative 

10 of the actual conditions in interior 7. This is why inert gas 76 is introduced by 
pipes 71 and 72 into interior 7 and not into interior 78. By introducing inert gas 
into the larger volume of interior 7, relative to the small volume of interior 78, the 
possibility of false readings by valve 77 is eliminated. Pressure valve relief 
valves are well known and commercially available. 

15 Figure 8 shows a top cross-sectional view of Figure 6 with the top of 

housing 70 and valve 77 removed. It can be seen that housing 70 surrounds 
and encloses member 25 while pipes 71 and 72 extend laterally into the interior 
of member 25. Housing 50 is of a similar configuration as housing 70, and 
surrounds member 25 in the same manner shown in Figure 8 for housing 70. 

20 

EXAMPLE 

A storage tank such as that described above and shown in the Figures is 
filled with conventional automotive gasoline which will ultimately be sold 
commercially to the motoring public. 

25 After sufficient inventory, gasoline is removed from tank 1 for roof 6 to 

become stationery as described above, and gasoline is continued to be 
removed from tank 1 by way of conduit 31 . At the same time, gasoline vapor is 
removed from interior 7, contained by housing 50, and transferred by way of 
conduits 60 and 61 to oxidizer 62 at the rate of about 200 standard cubic feet 

30 per minute (cfm). To maintain an equilibrium pressure in interior 7 with that of 
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the ambient atmosphere, plant nitrogen at about 45 psig is introduced by way of 
pipes 71 and 72 at essentially the same 200 cfm rate. 

Oxidizer 62 is a conventional internal combustion engine modified to 
start running on propane as fuel and then to be switched over to operate on the 
5 gasoline vapor being removed from interior 7. Oxidizer 62 combusts gasoline 
vapor with an efficiency of about 99% so that its exhaust to the ambient 
atmosphere is essentially water and carbon dioxide. 

By this process, tank 1 is essentially completely emptied of inventory 
gasoline and gasoline vapor with essentially no gasoline vapor emission to the 
1 0 ambient atmosphere. 
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